The gtoup-specific protein reagent, Nethylmaleimide, irreversibly blocks the electrical response of the olfactory receptor organ of the frog to odorous stimuli. If the odorous substance, ethyl n-butyrate, in concentrations high enough to saturate the receptor system, is present in the nasal cavity before and during a brief exposure to N-ethylmaleimide, the nose, after a wash and a recovery period, responds in nearly normal fashion to vapors of ethyl n-butyrate. Responses to other odorous substances, except those closely related to ethyl n-butyrate, are abolished. We propose that we can use this protection technique to identify the properties of the various receptor sites in the nose, and possibly to characterize the receptor substances.
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Specific receptor-sites on the dendritic membrane of the olfactory bipolar neuron have been postulated to account for the ability to recognize and discriminate between diverse odorous compounds. This study provides direct evidence that such specific receptor sites exist, and describes a method that can be used to determine the response properties of specific receptor sites.
Group-specific protein reagents disrupt functioning of nerve cells. The compound action potential of frog sciatic nerve, a measure of summated spike activity of synchronously excited axons, is abolished by HgCl2 (1), p-chloromercuribenzoate (ClHgOBz) and N-ethylmaleimide (NEM) (2) . These reagents, and the fluorinated dinitrobenzenes F(NO2)2-Bz and F2(NO2)2Bz (3), abolish action potentials in the squid giant axon (4, 5) . Synaptic transmission in frog and rat nervemuscle preparations is blocked by ClHgOBz and o-iodosobenzoic acid (6) . HgCl2 and ClHgOBz reduce the response of the eel electroplax to synaptic activators, while NEM blocks repolarization of the cell after synaptic activation (7) . In chemosensory systems, HgCl2, applied to the contact chemoreceptors of blowflies, eliminated behavioral responses to stimulation of these receptors (8) . Nerve responses to stimulation of chemoreceptors in carp (9, 10) and salmon (11, 12) were reduced by HgCl2, NEM, and F(NO2)2Bz.
We report that NEM, which reacts primarily with sulfhydryl groups of proteins, irreversibly blocks olfactory Abbreviations: ClHgOBz, chloromercuribenzoate; NEM, Nethylmaleimide; F(NO2)2Bz, 1-fluoro-2,4-dinitrobenzene; F2r (NO2)sBz, 1,5-difluoro-2,4-dinitrobenzene; EOG, electro-olfactogram.
* Present address. Monell Chemical Senses Center, University of Pennsylvania, Philadelphia, Pa. 19104. receptor function in frog nose. The effect of NEM can be prevented by the presence in the nose of an odorous substance before and during the NEM exposure. After this treatment, the olfactory receptors respond to the odorous substance that was present during the exposure to NEM and to other closely related substances, but will not respond to most substances that are normally effective stimuli.
Group-specific protein reagents have found wide application in the study of pure enzymes in solution. When an enzyme is exposed to a group-specific reagent, its enzymatic activity may be reduced or abolished. In most cases, the loss of enzymatic activity can be correlated with reaction of the group-specific reagent with one or more amino-acid residues in the active site of the protein. In these cases, if substrate is present when the enzyme is exposed to the group-specific reagent, the amino-acid residue in the active site is protected against reaction with the inhibitor, and the protein retains all or a large percentage of its enzymatic activity; the substrate is bound to or near the amino acid in the active site of the enzyme. In our experiments, an electrical sign of nerve-cell response is used as an assay for the effect of the inhibitor.
Activity Fig. la ; it is typical of the response evoked by many odorous substances.
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Preliminary experiments showed that NEM irreversibly abolished EOGs to all the stimuli used. Abolition of slow potentials was accompanied by lack of response in the olfactory bulb. Lower concentrations of NEM or shorter times of exposure to the olfactory epithelium caused reduction of the amplitude of the EOG and changes in its waveform (Fig. lb) .
MATERIALS AND METHODS
Frogs (Rana pipiens) were pithed anteriorly and posteriorly along the neuraxis. The nasal cavity was sealed by placing Cenco Softseal Tackiwax over the buccal aperture of the internal naris, and holding it in place with a piece of cotton in the frog's mouth. The olfactory epithelium was exposed by removal of the overlying skin, cartilage, and the dorsal mucosa. All recordings were made from the center of the olfactory eminence, the region of the frog nose where receptorcell density is highest.
A chlorided coil of silver wire wrapped in saline-moistened cotton served as the ground electrode; it was placed through a slit in the skin into the submandibular lymph sac. The active electrode was chlorided silver wire bridged to the olfactory mucosa by a fine-tipped glass pipette filled with 3 M KCl. Signals were led through a FET input coupler and were displayed on an oscilloscope and recorded.
All solutions were made up in distilled water. Ringer's solution (15) had the following composition: 115 mM NaCl; 2.5 mM KCl; 2.0 mM CaCl2; 1.1 mM Na2HPO4; 0.4 mM NaH2PO4. The pH of all solutions was 6.5.
The stimuli used were: ethyl n-butyrate and methyl n-butyrate (Eastman Kodak Co.), ethyl acetate and cis-1,2-dichloroethylene (Fisher Scientific Co.), and l-limonene (K and K Laboratories, Inc.). All were of reagent-grade purity. Reagent-grade NEM was obtained from Eastman Kodak Co.
Cofnpressed air was deodorized by passage through activated alumina, silica gel, and activated charcoal and was moisturized by passage through distilled water. The moist air stream flowed at a constant rate over the frog's olfactory epithelium; odor vapors were diluted in this stream for stimulation. The stimulus strength was chosen so that an EOG of maximum amplitude for each stimulus was obtained. All stimulations were 1.5 sec in duration; an interval of 5 min was allowed for recovery between stimulations. Glass syringes with 27-gauge stainless steel needles were used to fill and drain the olfactory cavity; separate syringes for filling and draining were used for each solution.
RESULTS
To demonstrate protection, the following experiments were performed: (1) Two or three EOGs to ethyl n-butyrate were recorded from the untreated mucosa. ( 2) The nasal cavity was filled with Ringer's solution; the solution was withdrawn and replaced immediately and after 5 min. After 10 min, the solution was withdrawn. (7) EOGs to ethyl n-butyrate were elicited and recorded every 5 min for the next 50 min. There was no statistically significant change (Student's two-tailed t-test, P = 0.01) in the amplitudes of the EOGs measured in steps 1, 3, 5, and 7 when the above regimen was done with Ringer's solution alone (step 4a).
When the epithelium was exposed to 12.5 mM ethyl n-butyrate in Ringer's solution for 10 min (step 4b), the EOG amplitude was reduced by 66%. After the mucosa was watied with Ringer's solution, the response amplitude slowly recovered (circles, Fig. 2 ). This result agrees with the observation that repeated, closely-spaced stimulations with vapors of a substance evoke successively smaller responses to that substance and, to a lesser extent, diminish responses to other substances (13 The last two steps were repeated twice, to make the time period allowed for recovery equivalent to that in the experiments on the olfactory epithelium.
Treatment of the nerve with Ringer's solution (step 4a) had no effect on consecutive threshold measurements. The amplitude and shape of the compound action potential remained constant; a pronounced afterpotential was present. The latency of the action potential appeared to decrease slightly after repeated washings with Ringer's solution. Intense stimulation produced a temporary decrease in excitability that lasted for less than 1 min; conduction block was never observed.
Exposure of the nerve to 12.5 mM ethyl n-butyrate in Ringer's solution (step 4b) produced a slight, irreversible increase in the nerve threshold. The amplitude and shape of the action potential remained the same throughout the experiment. Intense stimulation did not produce a conduction block.
Exposure of the nerve to 4 mM NEM in Ringer's solution (step 4c) resulted in a complete conduction block after intense stimulation for less than 1 min. Three washings of the nerve with Ringer's solution failed to restore conduction. NEM, in the absence of intense stimulation, abolished the after-po-tential, increased the latency of the response noticeably, and caused a decrease of more than 50% in the action potential amplitude. Threshold measurements gave variable results.
In the series of experiments designed to test for a protective effect of ethyl n-butyrate (step 4d), intense stimulation caused a conduction block that was not reversed by washing with Ringer's solution. In the absence of intense stimulation, the afterpotential was abolished, the latency of the action potential increased greatly, the action potential amplitude decreased, and the threshold measurements gave variable results, as with NEM alone. Thus, no protective effect of ethyl n-butyrate on the nerve was observed.
In order to determine whether other odors interact with receptor cells at the same site as ethyl n-butyrate, several other odorous vapor-phase stimuli were used on noses that had been exposed to 4 mM NEM while protected with 12.5 mM ethyl n-butyrate in Ringer's solution. The results for cis-1,2-dichloroethylene, anisole, and l-limonene are clear-cut: ethyl n-butyrate is not able to protect the receptor sites for these odorants from the effects of NEM. The EOG amplitudes evoked by these stimuli from a nose treated with NEM are identical to the amplitudes from a nose protected by ethyl n-butyrate and treated with NEM.
Results with ethyl acetate, an ester that does not have the typical sweet ester odor, were complicated by the fact that repeated stimulations with this substance resulted in a series of EOGs with decreasing amplitudes. Since a significant difference (P = 0.02) is seen between the effects of 4 mM NEM and 4 mM NEM + 12.5 mM ethyl n-butyrate on the amplitude of the EOG to ethyl n-butyrate within the first 15 min after washing the epithelium with Ringer's solution, this time period was used to compare the effects of 4 mM NEM with the effects of 4 mM NEM + 12.5 mM ethyl n-butyrate on the EOG elicited by puffs of ethyl acetate. There was no significant difference, at the same confidence level, between the amplitudes of EOGs to ethyl acetate from mucosae that had been subjected to the two different treatments. Thus, these two esters probably do not share the same receptor sites.
When methyl n-butyrate, an ester structurally closely related to ethyl n-butyrate and smelling more like it, was used as the stimulus in the vapor phase, results similar to those seen with ethyl n-butyrate were obtained. The amplitude of the EOG to methyl n-butyrate elicited after treatment of the epithelium with ethyl n-butyrate-ethyl n-butyrate + NEMethyl n-butyrate (step 4d in the nose experiment), followed by a Ringer's solution wash, recovered to about 80% of the control value. The result suggests that ethyl n-butyrate and methyl n-butyrate interact with the same receptor sites.
Treatment of the mucosa with ethyl n-butyrate in solution reduced the amplitude of the EOGs to cis-1,2-dichloroethylene, anisole, l-limonene, and ethyl acetate, even though these odorants interact with receptor sites different than those for ethyl n-butyrate. Studies Lastly, we note that by treating a nose with labeled NEM after a protection experiment, we may be able to isolate and characterize the substances that react with the protecting stimulus (18) .
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